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Abstract 
The emergency cutoff valve is widely used in gas pipelines to ensure operation safety. A proper type of solenoid valve was 
studied and selected for this application. A new state indicator was designed attached to it to give an off-state signal. The 
indicator was relative independence to the main body with a simpler structure. It was easy to remote control, easy to maintain and 
it worked properly. The response time was tested and it was shorter than 2 s. It was far less than the other types of motor-driven 
valve. The explosion-proof feature was also considered, the explosion- certified parts were used to ensure its safety as an easier 
and better way. The valve was reliable and cheaper for large-scale application. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of scientific committee of Beijing Institute of Technology. 
Keywords:cutoff valve; off-state indicator; explosion-proof; gas pipeline;solenoid valve 
1. Introduction 
Here introduce the paper, and put a nomenclature if necessary, in a box with the same font size as the rest of the 
paper. The paragraphs continue from here and are only separated by headings, subheadings, images and formulae. 
The section headings are arranged by numbers, bold and 10 pt. Here follows further instructions for authors. 
Pipeline transport is the transportation of goods through a pipe. Liquids and gases are always transported in 
pipelines and any chemically stable substance can be also sent through a pipeline. As more and more pipelines are 
built, they are becoming generally the most economical way to transport large quantities of oil, refined oil products 
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or natural gas over land. For example, to natural gas, pipelines are mainly made of carbon steel and vary in size from 
2 to 60 inches (51 to 1,524 mm) in diameter, depending on the type of structure. For major energy resources, such as 
petroleum and natural gas, pipelines are not merely an element of trade. They even connect to issues of geopolitics 
and international security as well [1−2]. 
Since oil and gas pipelines are a very important asset of the economic development of almost any country, it has 
been required either by government regulations or internal policies to ensure the safety of the assets, and the 
population and environment where the pipelines pass through and run. For this reason, various technologies 
andstrategies have been implemented for monitoring these pipelines, especially monitoring the pipeline leaks, from 
physically walking the lines to satellite surveillance [3]. It is common that they all contain large numbers of valves 
optimized for their operating conditions. The most widely used technology to protect pipelines from occasional leaks 
is Computational Pipeline Monitoring or called CPM. CPM takes information from the field related to such as 
pressures, flows, and temperatures to estimate the hydraulic behavior of the product being transported. Once the 
estimation is completed, the results are compared to other field references to detect the presence of an anomaly or 
unexpected situation, which may be related to a leak [4].  
When leaks are detected, it is important to cut off the pipelines with valves in time to avoid further accidents. In 
this paper, an emergency cutoff valve with off-state indicator is studied and designed for this application. 
2. Basic requirements of an emergency cutoff valve 
The valve designed in this paper is for urban gas pipelines, with medium and low pressure gas passed through, 
from 0 to 0.4MPa. Being a valve, to be sure, it shall be in accord with the requirements for all valve products. 
Moreover, as it is used for emergency, the other main basic requirements are listed as below. 
1) Response quickly. In emergency, the valve cutoff speed is the quicker, the better. It is hoped that the cutoff time 
is less than 10 s. 
2) Remote-controlled. It can be controlled by remote from a central control room to eliminate the onsite risk. 
3) The function to prevent false operation of the valve.  
4) Cheaper but reliable. The leak accident is an abnormal state, so the emergency cutoff operation is not often. 
Using cheaper ones will eliminate unnecessary waste. 
5) Explosion-proof. Natural gas is flammable and explosive, it is dangerous substance. Explosive electrical is 
forbidden to use on site. Explosive-proof feature is necessary for the valve. 
6) An off-state indicator is necessary for remote control and operation state confirmation. 
3. Design description 
3.1. Main body 
A solenoid valve is selected to act as the main body of the valve. It is a type of valve that uses an electrical 
current pulse to actuate or shift a spool or cartridge consisting of a solenoid coil and tube assembly [5]. Basically, it 
can perform simple tasks such as open/close (cutoff) operation. The diagram of the main body is shown as Fig. 1. 
In Fig. 1, label 3 is the valve cover, 4 is an electromagnetic coil, 5 is a piston, 6 is a rod. The piston restricts and 
locks the movement of the rod. When the electric current loading to the electromagnetic coil gets triggered, the 
piston will be pushed back, and the rod will be unlocked and will move down forcing by the spring being installed 
inside, then the valve will be cutoff. The valve can’t be opened by electrical but only by manual. When necessary, 
the rod can be pulled out by manual to open the valve.  
The valve runs only in 2 operation states, i.e. cutoff or open.It is driven by internal spring.So it can run quickly. 
The cutoffoperation only relies to the power source adding to the coil, so it can be easily controlled remotely. In 
contrast, the valve only can be opened by manual but not by electrical, the false operation probability of device can 
be reduced to the minimum. On the other hand, the valve has a reliable application prospect with its simple 
mechanism, at the same time with lower price and high practicability. It meets the requirements of the emergency 
cutoff valve well. 
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Fig. 1.Diagram of the main body. 
3.2. Off-state indicator design 
The emergency cutoff valve is usually controlled remotely from a central control room. Its operation state 
information is necessary, especially the cutoff state. It tells the central controller if the valve has really cut the 
pipeline on demand. Normally, for universal valve products, there are no off-state indicators attached to them. In 
this paper, a simple indicator was designed to show the operation state. The structure diagrams are shown as Fig. 2 
and Fig. 3.  
                  
Fig. 2.State indicator (open-state).                                                            Fig. 3.State indicator (cutoff-state). 
 
In Fig. 2 and Fig. 3, label 1 is a magnetic substance, such as permanent-magnet. It was machined and attached to 
the rod 6. Label 2 is a reed switch. The reed switch is an electrical switch operated by an applied magnetic field. It 
contains a pair of magnetizable, flexible metal reeds whose end portions are separated by a small gap. The reeds are 
hermetically sealed in opposite ends of a tubular glass envelope. The contacts may be normally open, closing when a 
magnetic field is present [6].  
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In Fig. 2, while the rod is pulled up, the interval between 1 to 2 increases, the reed switch will open. In Fig. 3, 
while the electromagnetic coil is powered on, the rod will be unlocked and will go downward. Then the distance 
between 1 and 2 will be short enough to make the reed switch closing. A simple electrical circuit connecting to the 
reed switch will indicate the state. Then the off-state of the valve will be indicated. The circuit is shown as Fig.4. In 
Fig. 4, label 1 is the reed switch, 2 is a resistance to prevent excessive current in the circuit, 3 is usually a LED 
signal lamp to show the state, 4 is the power supply and it can be AC or DC source according to the design 
requirements. 
The state indicating circuit and its structure were completely separated from the chamber of the valve. Therefore, 
it was safer, furthermore ensured the production safety. 
 
Fig. 4.Electrical circuit for state indicating. 
3.3. Explosion-proof electrical design 
As mentioned above, natural gas is flammable and explosive. Explosive-proof feature should be ensured for the 
valve. According to the characteristics of the valve structure, it will be explosive-proof if both of the reed switch and 
the electromagnetic coil are explosive-proof. For this reason, only certified parts shall be considered in the design. 
That also means that the explosive-proof feature of this valve has almost nothing to do with the main body, it makes 
the design simpler. On the other hand, it is beneficial for cost-down of this product.  
3.4. Cutoff time test result 
The cutoff time is a very important parameter for this valve. At present for the common motor-driven products, it 
is about 15 s or more. Tests had been done in laboratory using a stopwatch. The result showed that the cutoff time 
was shorter than 1 s. It was rather shorter comparing to the other types of valve. The valve worked well, and the off-
state indicator signs were on the right track, normal and proper. 
4. Conclusions 
For gas pipeline leak emergency, especially facing urban gas pipelines, with medium and low pressure, a cutoff 
valve was designed. The structure was simpler, and an off-state indicator was designed for convenient for remote 
control. The valve worked well and could be cut off in 2 s. Only explosion- certifiedreed switch and electromagnetic 
coil were selected in designto ensure its safety. The total structure was further simplified as taking this way for 
explosion-proof. On the other hand, it was cheaper, and it would be cost savings in large-scale applications. 
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